lower phosphate levels (4.25 (3.7, 5.3)) vs (4.86 (4.0, 5.6)) mg/dl, respectively, p= 0.008), albumin 50 (3.8 (3.5, 4.0)) vs (3.9 (3.6, 4.2)) g/dL, respectively, p= 0.001). Lower BGP levels were associated 51 with aortic calcification (p< 0.001), iliac calcification (p=0.042) and vertebral fractures (p=0.023). 52
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Total BGP 109
The method for the quantitative determination of total BGP in serum was the automated 110 LIAISON ® Osteocalcin Assay 310950 (DiaSorin Inc., Stillwater MN, USA), a direct, 2-site, 111 sandwich-type CLIA executed on the LIAISON ® (Dia-Sorin Inc., Stillwater MN, USA) 112 instrument. The analytical sensitivity is <0.3 ng/mL and the intra-assay CV is 3-8%, while the inter-113 assay CV is 4-9%. 114
Undercarboxylated BGP (ucBGP) 115
For quantitative determination of the undercarboxylated form, we used Glu-osteocalcin Enzyme 116
Immuno Assay (EIA) Kit MK118 (Takara Bio Inc., Otsu, Shiga, Japan), a manual solid-phase EIA 117 based on a sandwich method that utilizes 2 mouse monoclonal anti-ucBGP antibodies to detect 118 ucBGP by a 2-step procedure. One of the mouse monoclonal anti-undercarboxylated BGPs is 119 immobilized onto the micro-titre plate and blocked against non-specific binding. Samples are added 120 to each well and incubated. The second step is to wash the plate and to add the second anti-BGP 121 labelled with peroxidase (POD). The reaction between POD and substrate (H2O2 and 3,3 ' , 5,5 ' 122 tetramethyl-benzidine) results in colour development with intensities proportional to the amount of 123 ucBGP present. The analytical sensitivity is 0.25 ng/mL and the intra-assay and inter-assay CVs are 124 4.4-6.7 and 5.7-9.9%, respectively. 125
Vertebral fractures and vascular calcification assessment 126
A radiograph of the thoracic and lumbar regions of the spinal column (D5 to L4) in the latero-lateral 127 view with the patient in the lateral recumbent position was obtained. A vertebral fracture (VF) was 128 considered to be present when the height of the vertebral body was reduced by at least 20% (4 mm) 129
[10]. 130
Vascular calcifications (VC) were quantified by measuring the length of calcific deposits along the 131 abdominal aortic wall (mild 0.1-5 cm, moderate 5.1-10 cm and severe >10 cm). The presence of 132 calcifications of the iliac arteries was evaluated through the same radiograph (mild 0.1-3 cm,7 moderate 3.1-5 cm, and severe >5 cm) [11] . 134
Statistical analysis 135
The data are shown as mean ± standard deviation (SD) 
Relationships between BGP, vascular calcifications and fractures 180
We also explored relationships between vascular calcifications, vertebral fracture, smoking status 181 and BGP. Calcifications of the abdominal aorta and iliac arteries were present in 79.7% and 54.9% 182 of our cohort, respectively. Prevalence of calcifications at both sites were similar between groups 183 regardless of smoking history. Lower total BGP levels were associated with aortic (p< 0.001) and 
